The relationship between gliadin alleles, known to mark frost tolerance, and actual frost tolerance was investigated in 52 doubled haploids (DH) from the cross Florida × Vlada. Frost tolerance was expressed as percentage of plant winter survival in pots placed at different heights above the ground. Gliadin allelic blocks (GLI) were determined by starch electrophoresis. From the six GLI, known as frost tolerance markers, the GLI 1B1, GLI 1D5 or GLI 6D2 was present in 27, 27 or 31 DH, respectively. A weak, but significant correlation of r = 0.29 was found in the DH between their survival and frost tolerance prediction values based on the presence of the gliadin frost tolerance markers. The average survival of DH with gliadin frost tolerance marker GLI 1B1 or GLI 6D2, but not with GLI 1D5, was significantly higher than the survival of DH without this block. The DH without any gliadin frost tolerance marker had the lowest survival. Some gliadin genes thus can be used as frost tolerance markers for preliminary selection of frost tolerant lines and for the study of physiological and genetic constitution of frost tolerance in common wheat.
Frost tolerance, an important trait that ensures plant overwintering, is controlled in common wheat by additive effects of genes carried on at least 10 out of 21 chromosome pairs (SUTKA et al. 1997) . The first two genes of frost tolerance have been localised recently: Fr 1 on the long arm of chromosome 5A and Fr 2 on the long arm of chromosome 5D. Both genes are closely linked to localisation of vernalisation genes (SUTKA et al. 1997) . Wheat group 5 chromosomes regulate the expression of cold-induced genes localised on group 6 chromosomes (SARHAN et al. 1997; LIMIN et al. 1997) . These are gene families Wcs 120 and Wcor 410.
Some gliadin genes of wheat, localised on group 1 and 6 chromosomes, were found to be in linkage with frost tolerance genes (ČERNÝ et al. 1990; SOZINOV 1985; ŠA-ŠEK et al. 1984) . Our previous studies on a set of 220 cultivars of winter wheat world collection demonstrated a close linkage between frost tolerance and some alleles of gliadin loci of chromosomes 1B, 1D, 6A and 6D (ŠAŠEK et al. 2000) . As for gliadin blocks (GLI) determined by starch electrophoresis, a higher markering value of frost tolerance was found in GLI 1D5 and GLI 6A3. GLI 6D2, GLI 1B1 and GLI 6A1 were identified as secondary markers of frost tolerance, less dependent on the existence of frost tolerance. Additive effects of these gliadin markers of frost tolerance were confirmed. Some alleles (GLI 6A2, GLI 1B4 and GLI 1B5) were found to be associated with low frost tolerance.
The objective of the paper was to evaluate a relationship between the presence of some gliadin alleles markering frost tolerance and frost tolerance in doubled haploids from the cross Florida × Vlada. These two parental cultivars have different levels of frost tolerance and different presence of gliadin alleles. Fifty-two doubled haploids produced by crossing of these parental components were available. Gliadin spectra from at least 6 seeds of each sample were determined by vertical starch gel electrophoresis (SGE) according to ŠAŠEK and SÝKOROVÁ (1989) . Allelic gliadin blocks were identified in the electrophoretic gliadin spectra by a previously published method (ŠAŠEK & ČERNÝ 1983) . Prediction values of frost tolerance of gliadin allelic blocks (Table 1) , i.e. GLI 1D5 = 2.5, GLI 6D2 = 1 and GLI 1B1 = 0.5, were used on the basis of a previous analysis (ŠAŠEK et al. 2000) .
MATERIAL AND METHODS

Seed
A relationship between the presence of gliadin allelic blocks and doubled haploid survival was evaluated by correlation coefficient, survival differences by t-test and by multiple comparisons (Unistat 5.1) at 5% significance level. Survival data were transformed by arcsin transformation before the analyses.
RESULTS
The survival of 52 doubled haploids and both parental cultivars was considerably different in both winter seasons ( Fig. 1) . Following a stronger stress in winter 1997/ 98 the survival of DH ranged from 65 to 10%. Survival average was 43%. After a milder winter 1998/99 the survival of DH ranged from 100 to 62% with average value 89%. There was a large difference in survival between the two parental cultivars in both winter seasons. Survival was always higher in more tolerant variety Vlada than in less tolerant Florida. Survival of the particular samples for both winter seasons indicated a significant correlation (r = 0.65). Survival rates of samples in winter 1998/99 were clustered around the value 90% and higher (33 lines in total, i.e. 63%), it means that the survival differences between the DH were lower. This is the reason why the results from winter 1997/98, when differences between the particular lines were larger, were used in further analyses.
The electrophoretic gliadin spectrum of parental cultivars (Table 2 ) indicated the presence of three GLI markers of frost tolerance (GLI 1D5, GLI 6D2 and GLI 1B1) in more tolerant Vlada, but they were not found in Florida. The presence of these three GLI markers of frost tolerance was even in 52 DH: GLI 1D5 was present in 27 DH, GLI 6D2 in 31 DH and GLI 1B1 in 27 DH. Mean survival difference between DH carrying and not carrying the gliadin frost tolerance marker at the appropriate locus (Table 3) was significantly higher for GLI 1B1 or GLI 6D2, tolerance markers, and without taking into account their prediction values (Table 5 ). The average survival of DH with the presence of GLI 1B1 and/or 6D2 was higher than without them. The DH carrying both GLI 1B1 and GLI 6D2 had higher survival than DH carrying only one of them. The presence of GLI 1D5 had no effect on DH line survival. The DH without any gliadin frost tolerance marker had the lowest survival.
DISCUSSION
The linkage between some gliadin genes and wheat frost tolerance was shown in the studies published by but not for GLI 1D5. The presence of the other GLI blocks carried on chromosome 1A or 6A had no effect on the survival of DH (data not shown). A frost tolerance prediction value was calculated for each DH line on the basis of the sum of earlier established point values for the presence of GLI frost tolerance markers (Table 1) . A weak, but significant correlation of r = 0.29 was found in the DH between their survival and frost tolerance prediction values. Further, the DH were divided into five groups according to the frost tolerance prediction values (Table 4) . Survival of DH included in a group without GLI frost tolerance markers (i.e. prediction value = 0) was significantly lower in comparison with other groups containing DH with these markers. However, the average survival in these other groups did not explicitly indicate higher survival if the prediction values of frost tolerance were higher.
Another analysis followed when DH were classified according to the presence of GLI alleles, known as frost 1997; LIMIN et al. 1997) . The existence of cold-induced genes confirms a possibility of their linkage with gliadin genes localised on these chromosomes. Gliadin genes and/or alleles carried on group 1 chromosomes and displaying a relation with frost tolerance should be another object of physiological and genetic studies of frost tolerance constitution in common wheat.
Sozinov 's team (1978, 1985) and by Šašek and Černý's team (ŠAŠEK et al. 1984 (ŠAŠEK et al. , 2000 ČERNÝ et al. 1990) . Genes related to wheat frost tolerance are reported the most frequently on chromosomes 5A, 6A, 7A, 1B, 2B, 4B, 5B, 6B, 1D, 4D, 5D and 6D (SUTKA et al. 1997‚ FOWLER & LIMIN 1997 . Gliadin genes localised on group 1 and 6 chromosomes and known as frost tolerance markers are carried on chromosomes 1B, 1D, 6A and 6D (SOZINOV 1985; ŠAŠEK et al. 1984 ŠAŠEK et al. , 2000 . It seems that though the gliadin genes marker only a limited part of frost tolerance genes, they might be used for preliminary prediction of wheat frost tolerance. It has been confirmed by high correlations between the prediction values of gliadin genes (frost tolerance markers) and classes of frost tolerance determined in a set of wheat cultivars -standards of frost tolerance (ČERNÝ et al. 1990 ) or a collection of 212 cultivars of different geographic origin (ŠAŠEK et al. 2000) . For example in the latter study on 212 wheat cultivars a highly significant correlation coefficient (r = 0.86) was found between the total (additive) prediction value of gliadin frost tolerance markers and the class of frost tolerance of cultivars. Among the gliadin allelic blocks identified by starch gel electrophoresis alleles GLI 1D5 and GLI 6A3 appeared to be major markers of frost tolerance, and GLI 6D2, GLI 1B1 and GLI 6A1 secondary markers.
In this study the performance of gliadin allelic blocks markering frost tolerance in 52 doubled haploids wheat derived from the cross Florida × Vlada was determined. There were three GLI frost tolerance markers in the studied set: GLI 1D5, GLI 6D2 and GLI 1B1. All these alleles were found to be conferring high frost tolerance in Vlada unlike the less tolerant Florida. Although only three out of the six GLI markers of frost tolerance were present, the assessment of 52 DH demonstrated a low, but significant correlation (r = 0.29) between survival and prediction values of frost tolerance. The survival of DH carrying the GLI frost tolerance markers was higher than the survival of DH without them. So it was possible to distinguish lines with low frost tolerance from the other lines with medium or high tolerance (Tables 4  and 5 ). Preliminary selection and monitoring of frosttolerant lines by GLI markers were confirmed.
It is evident that the presence of GLI 1B1 and GLI 6D2 was more effective than that of block GLI 1D5. This fact can explain the low correlation between survival and frost tolerance prediction values, because the point value of frost tolerance prediction for GLI 1D5 is high according to our previous study (ŠAŠEK et al. 2000, and Table1) . The low frost tolerance prediction of GLI 1D5 found in this study could also be explained by the genetic background of the cross Florida × Vlada. To make a more detailed assessment it will be necessary to use a larger set of tested DH and/or other hybrid populations.
Cold-induced wheat proteins, which are associated with induction of frost tolerance, are expressed by genes localized on group 6 chromosomes (SARHAN et al. 
